Two new minor triterpene glycosides, cucumariosides B 1 (1) and B 2 (2) have been isolated from the Far Eastern sea cucumber Eupentacta fraudatrix. Structures of the glycosides were elucidated by 2D NMR spectroscopy and MS. Glycosides 1 and 2 belong to the cucumariosides B group and have unprecedented trisaccharide carbohydrate moieties without sulfate groups. Glycosides 1 and 2 differ from each other in side chain structures in the aglycone moieties. These minor substances are probably intermediate metabolites in the biosynthesis of triterpene pentaosides. Cytotoxic activities of glycosides 1 and 2 against mouse spleen lymphocytes and the cells of the ascite form of mouse Ehrlich carcinoma were studied, along with hemolytic activity against mouse erythrocytes and antifungal activity. Cucumarioside B 1 (1) was not active in any of the tests, while cucumarioside B 2 (2) demonstrated moderate hemolytic activity and low cytotoxic action against Ehrlich carcinoma cells.
The in vacuo concentrated ethanolic extract of the animals was sequentially submitted to chromatography on Polychrom-1 (powdered Teflon) and silica gel columns using different solvent systems from CHCl 3 /EtOH (4:1) to CHCl 3 /EtOH/H 2 O (100:100: 17) to yield a number of glycosidic subfractions, each of which contained a series of glycosides with one type of carbohydrate chain.
The most non-polar subfraction contained cucumariosides with a trisaccharide nonsulfated carbohydrate chain belonging to group B. Further separation of this subfraction (36.7 mg) by repeated HPLC, using a reversed-phase semi-preparative Discovery C 18 column (10  250 mm; MeOH/H 2 O, 84:16) gave two main components. These were subsequently rechromatographed on a Discovery C 8 column (4.6  250 mm) using MeOH/H 2 O (70:30 and 75:25) as mobile phases to give 1 mg of cucumarioside B 1 (1) and 2.7 mg of cucumarioside B 2 (2) , correspondingly.
The structures of the glycosides were elucidated by extensive analysis of the 1 H, 13 C and DEPT spectra, and 2D NMR ( 1 H 1 H COSY-45, HMBC, HSQC, HMQCTOCSY, ROESY) and confirmed by HR ESI mass spectrometry. The 13 C NMR spectra of the carbohydrate part of 1 and 2 were coincident to each other. The carbohydrate parts of the 13 C NMR spectra of 1 and 2 were compared with those of known cucumariosides of group H [1, 2] having branched pentasaccharide chains consisting of two xyloses, one quinovose, one glucose and one 3-O-methylglucose units and a sulfate group attached to C-4 of the first xylose residue. The comparison showed the presence of three monosaccharide residues (two D-xylose and one D-quinovose) without a sulfate group in 1 and 2.
Indeed, the presence of three characteristic doublets at  4.90, 5.31 and 5.34 (J = 6.8-7.6 Hz) in the 1 H NMR spectra of the carbohydrate parts of 1 and 2 correlated by HSQC spectra with the corresponding signals of anomeric carbons at  105.1, 103.4 and 106.4, respectively, were indicative of a trisaccharide chain and the -configuration of glycosidic bonds. In the 13 C NMR spectra of the carbohydrate parts of 1 and 2 the signal of C-4 of the first xylose residue was shifted upfield by 5.5 ppm (to  70.2) and the signals for C-3 and C-5 were shifted downfield by 2.1 (to  77.8) and 2.2 ppm (to  66.5) in comparison with spectra of cucumariosides belonging to group H. These differences were due to the absence of a sulfate group at C-4 of the first xylose residue in the carbohydrate chains of cucumariosides B 1 and B 2 . The location of the terminal xylose residue was deduced taking into consideration the glycosidation shifts. The signal of C-4 of quinovose was shifted upfield by  10.6 and the signals of C-3 and C-5 were shifted downfield by  1.8 and 1.7, respectively, in the 13 C NMR spectra of cucumariosides B 1 (1) and B 2 (2) in comparison with the spectra of the carbohydrate chain of cucumariosides H; this indicated the absence of a glycosidic bond at C-4 of the quinovose residue. Moreover, the chemical shift of C-2 of quinovose ( 84.8) in the 13 C NMR spectra of the carbohydrate part of 1 and 2 was characteristic of the interglycosidic linkage at this position.
The positions of all interglycosidic linkages were confirmed by the analysis of ROESY and HMBC spectra of the carbohydrate parts of 1 and 2 ( Table 1 ). Cross-peaks were observed between H-1 of the first monosaccharide residue (xylose) and H-3 (C-3) of the aglycone, H-1 of the second monosaccharide residue (quinovose) and H-2 (C-2) of the first monosaccaharide residue (xylose), and H-1 of the third monosaccharide residue (xylose) and H-2 (C-2) of the second monosaccharide residue (quinovose). The configurations of all the sugars were suggested to be D by analogy with those of cucumarioside G 1 isolated from the same sea cucumber [6] . Hence, the structure of the carbohydrate chains corresponded to the formulae 1 and 2 (Fig. 1 ).
The structure of the aglycone moiety of cucumarioside B 1 (1) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, DEPT, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 2 ) to be identical to that of cucumariosides C 1 [7] , G 3 [8] 
The structure of the aglycone moiety of cucumarioside B 2 (2) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, DEPT, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 3 ) to be identical to that of cucumariosides C 2 [7, 9] , and H [9] isolated earlier from E. fraudatrix and E. pseudoquinquesemita. The holostane type aglycone has a 7(8)-double bond and a -OAc group at C-16 in the tetracyclic nucleus and a 22E,24-diene system in the side chain. Indeed, in the 13 C NMR spectrum of 2 ( Table 3 ) the signals of the polycyclic nucleus were very close to those in the spectrum of 1, indicating their identity. However, the values of the chemical shifts of the carbons in the side chain of cucumarioside B 2 (2) were different from those of cucumarioside B 1 (1) . (2) The finding of triterpene glycosides having three monosaccharide residues in the carbohydrate chain is very rare among sea cucumbers. Until now, only two sea cucumbers are known from which such natural compounds have been isolated. The first finding of a trisaccharide triterpene glycoside was from an unknown sea cucumber species erroneously named as "Telenata Ananas" [10] . The sugar moiety of the glycoside was composed of one xylose, one quinovose and one glucose residue. The quinovose and glucose units were linked to the xylose unit by 12 and 14 -glycosidic bonds, respectively. So, the carbohydrate chain of the glycoside is branched by the first (xylose) residue. Another discovery of trisaccharide glycosides was pentactasides I and II, isolated by Chinese investigators from the sea cucumber Pentacta quadrangularis [11] . The carbohydrate chain of these glycosides includes the same monosaccharide residues as 1 and 2. The first xylose unit contains a sulfate group, the quinovose unit links to the first xylose residue by a 12 -glycosidic bond, and the second xylose residue links to the quinovose unit by a 14 -glycosidic bond, and so, therefore, the carbohydrate chain is linear.
Cucumariosides B 1 (1) and B 2 (2) from E. fraudatrix have a carbohydrate chain consisting of three monosaccharide units (two residues of xylose and one residue of quinovose). The terminal xylose unit links to quinovose by a 12 -glycosidic bond and quinovose is attached to the first xylose residue also by a 12 glycosidic bond. This carbohydrate chain is also linear, but the elongation of the bioside fragment is achieved by a 12, not a 14 -glycosidic bond. Hence, the structure of this carbohydrate chain in 1 and 2 is unique.
As we earlier noted, sea cucumber glycosides are natural products with a mosaic type of biosynthesis, since biosynthetic processes for the formation of aglycones and carbohydrate chains proceed independently from each other and simultaneously [4] . Glycosides having trisaccharide carbohydrate chains possess the holostane type 'developed' aglycones and short 'non-developed' carbohydrate chains. This fact is in good accord with the mentioned above conclusion. Considering the structure of the carbohydrate moieties in all triosides, we can suppose that the assemblage of carbohydrate chains passes through the consequent attachments of monosaccharide units to different positions of the forming oligosacharide chains. This leads to the presence of triterpene glycosides with different types of sugar chains, including from two to six monosaccharide units, in the same species of sea cucumber. The connection of the first sugar (-D-xylose residue in the all known sea cucumber triterpene and steroid glycosides) to C-3 of aglycones presumably occurs at the first stages of carbohydrate moiety development. It is interesting to note that there is no such elongation of carbohydrate chain in steroid glycosides (sterol xylosides) of sea cucumbers [12] . It seems to be probable that "elongating" glycosyltransferase may works in sea cucumbers only in association with 4,4'-methyls at the ring D of aglycones.
Moreover, the biosynthesis of triterpene glycoside pentasaccharide carbohydrate chains branched by a second monosaccharide residue (quinovose) in E. fraudatrix [1, 2, 7, 9] may proceed in two different ways. The first includes formation of glycosides with a tetrasaccharide carbohydrate unit followed by attachment of a terminal xylose to C-2 of the quinovose residue and either with or without sulfation at C-4 of the first (xylose) residue. The presence of sulfated tetraosides of the cucumarioside G group in E. fraudatrix as major components of the glycoside fraction [6, 8, 13, 14] and non-sulfated tetraosides as minor components [3] [4] [5] is evidence for this way. Another way may include the formation of glycosides with a trioside carbohydrate chain having a xylose terminal unit attached to C-2 of the second (quinovose) residue, followed by branching and elongation of the carbohydrate chain with glucose and terminal 3-O-methylglucose residues. Hence, the biosynthesis of branched pentasaccharide carbohydrate chains has a mosaic character and some of its stages may be realized independently from each other.
Cytotoxic activities of glycosides 1 and 2 against mouse spleen lymphocytes (using nuclear dye Tripan Blue and fluorescein diacetate) and the cells of the ascite form of mouse Ehrlich carcinoma, along with hemolytic activity against mouse erythrocytes, and antifungal activity were studied using cucumarioside A 5 [3] as a standard for comparison. Glycosides 1 and 2 were not active against Candida albicans, Aspergillus niger and Fusarium oxysporum. Cucumarioside A 5 revealed zones of inhibition of 5.8 ± 0.2 mm against C. albicans, 11.5 ± 0.3 mm against A. niger and 14.3 ± 0.2 mm against F. oxysporum at a concentration of 100 g/mL and 4.0 ± 0.0 mm against F. oxysporum at a concentration of 10 g/mL. Glycoside 1 had no hemolytic and cytotoxic activities against mouse spleen lymphocytes and Ehrlich carcinoma cells. Glycoside 2 showed moderate hemolytic activity (ED 50 = 10.2 and 18.8 g/mL at pH 6.0 and 7.4, respectively), while cucumarioside A 5 revealed an ED 50 = 1.7 and 5.3 g/mL at pH 6.0 and 7.4, respectively. Glycoside 2 and cucumarioside A 5 were not active against mouse spleen lymphocytes. Cucumarioside B 2 (2) revealed a low cytotoxic activity (ED 50 = 78.5 g/mL), as well as cucumarioside A 5 (ED 50 = 73.2 g/mL) against mouse Ehrlich carcninoma cells.
Glycoside 1 containing the same aglycone with a 22Z,24-diene system as cucumarioside A 5 [3] was not active in any of the tests, while cucumarioside A 5 showed a moderate hemolytic activity. It is well known that the presence of a linear tetrasaccharide fragment where the third sugar is attached to C-4 of the second monosaccharide residue is very important for different kinds of biological activities of sea cucumber triterpene glycosides, depending on their membranolytic action [15, 16] . It is also known that a terminal sugar attached to C-2 of the second monosaccharide unit decreases the activities [15, 16] . The strong difference in the hemolytic activities of 1 (no activity) and 2 (moderate activity) correlated well with an earlier observation that glycosides having a 22E,24-diene system in the aglycone side chain are more active, as a rule, than similar glycosides with a 22Z,24-diene system [2, 3] . (2) . 
Experimental

Antifungal activity against Candida albicans, Aspergillus niger, Fusarium oxysporum, Septoria glycines, and Cercosporia sojina:
Saburo culture medium (pH 6.0) was used for cultivation of microorganisms: glucose (3%), peptone (1%), agar (1.7%), distilled water. The medium was autoclaved, cooled to 42C and 25 mL dispensed into individual sterile Petri dishes (90 mm). The suspensions of microorganisms (V = 200 L) were delivered to the agar medium by pallet and chafed dry. The water solutions (100 L) of the tested glycosides (20 g/mL and 200 g/mL) were deposited into the lunules (10 mm) in jelly medium. The microorganisms were incubated for 24 h at 28C; the experiment was conducted in triplicate. The antifungal activity was measured as the breadth of the inhibition zone, calculated in mm from the edge of the lunule.
